In reptile virology, it may be difficult to recognize the true emergence of a pathogen, as detection of previously unknown organisms has occurred rapidly in recent years. This has been due both to the use of new technologies in reptile diagnostics and to the increased interest of researchers from various backgrounds in reptiles as virus hosts. The increasing use of next-generation sequencing (NGS) methods has led to many of these discoveries and appears likely to increase our knowledge of viruses in zoo, aquarium, and wildlife species significantly in the coming years. The development and commercial availability of sensitive diagnostic tests has increased, and changes in detection rates may not always reflect a true increase in viral prevalence among reptiles. This underlines the importance of additional studies using a wide range of disciplines and techniques to understand both the clinical significance of many viruses in various reptile species as well as their host ranges, the pathogenesis of associated disease, and epidemiology.

Numerous factors influence the emergence of viral infections in reptile populations. These include effects of climate change, which may influence the spread of viral infections in reptiles in multiple ways, including increasing the range of invertebrate vectors, especially for arboviruses ([Table 39.1](#t0010){ref-type="table"} ); influencing the reptile immune system; and the replication rates of viruses capable of infecting reptiles. Direct human interaction has been shown to affect the spread of multiple diseases in wild animals, and the pet trade plays a large role in the international spread of viruses (e.g., for ranaviruses,[@bib1], [@bib2] herpesviruses,[@bib3] and reptarenaviruses) in pet reptiles.[@bib4] In addition, the prevalence of viruses in pet reptiles and possibly also wild reptiles appears to undergo a fluctuating pattern in many cases, so that study over multiple years or decades may be necessary in order to understand the natural dynamics of viral infection in these animals.[@bib5] This may be in part due to functions of reptile immunity as well as, in some cases, the long time span that may occur between infection and the development of disease.TABLE 39.1Arboviruses Described in ReptilesTABLE 39.1Virus FamilyVirus NameInvertebrate VectorsReptilian HostsGeographic Distribution[\*](#tn0010){ref-type="table-fn"}Associated Disease in ReptilesZoonotic PotentialRef.*BunyaviridaeOrthobunyvirus*: Cache Valley virus, Tensaw virus, Kowanyama virusMosquitoes, *Anopheles* spp.Texas soft-shelled turtle *(Apalone \[Trionyx\] spinifera emoryi)*, Skink *(Cryptoblepharus \[Ablepharus boutonii\] virgatus)*North America, AustraliaNoneYes[@bib51], [@bib52]*Nairovirus*: Crimean-Congo hemorrhagic fever virusTicks *(Hyalomma aegyptium)*Horsfield\'s tortoise *(Testudo horsfieldii)*Middle EastNoneYes[@bib53]*Togaviridae*Eastern equine encephalitis virus (EEEV), Venezuelan equine encephalitis virus (VEEV), western equine encephalitis virus (WEEV)MosquitoesVarious squamates, most often in various snake spp.; chelonians, crocodiliansNorth and South AmericaNoneYes[@bib54], [@bib55], [@bib56]*Flaviviridae*Japanese encephalitis virus, St. Louis encephalitis virus, Powasan virus, West Nile virus (WNV), Zika virusMosquitoesCrocodilians, squamates, chelonians; WNV especially in crocodiliansAsia, North and South AmericaNeurologic and skin lesions in crocodiliansYes[@bib55], [@bib56], [@bib57], [@bib58]*Rhabdoviridae*Vesicular stomatitis virus, Charlesville virus, Almpiwar virus, Marco virus, Timbo virus, Chaco virus, Sena Madureira virusMosquitoes (e.g., *Aedes aegypti*), sandflies (*Phlebotomus* spp.), midges (*Forcipomyia* spp., *Culicoides* spp.)Redbelly water snake *(Nerodia \[Natrix\] erythrogaster)*, Australian house gecko *(Gehyra australis)*, teiid lizards: giant ameiva *(Ameiva ameiva ameiva)*, Striped forest whiptail *(Kentropyx calcarata)*, Caiman lizard *(Dracaena guianensis)*, skink *(Cryptoblepharus virgatus)*Australia, North and South AmericaNone reportedYes[@bib51], [@bib52], [@bib59], [@bib60]*Iridoviridae*HemocytivirusesUnknownVarious squamate and chelonian spp.; sequence data available from:\
Bearded dragon *(Pogona vitticeps)*, peninsula ribbon snake *(Thamnophis sauritus sackenii)*, Iberian mountain lizard *(Iberolacerta \[Lacerta\] monticola)*Africa, Asia, Europe, North America,Anemia, systemic diseaseUnlikely[@bib61], [@bib62], [@bib63], [@bib64], [@bib65][^1][^2]

A wide range of viruses has been described in reptiles ([Table 39.2](#t0015){ref-type="table"} ). This chapter focuses on select viruses that have been recently described or for which there is evidence that their epidemiology has changed in recent years. Ranaviruses are important emerging pathogens in chelonians and squamates as well as in amphibians and fish; they are covered in Chapter 52.TABLE 39.2Virus Families and Genera Described in Orders of ReptilesTABLE 39.2Virus FamilyVirus GenusNonavian Reptile Host OrderTestudinesSquamataCrocodylia*AdenoviridaeAtadenovirus*XX*Siadenovirus*X"Testadenovirus"XUnclassifiedX*HerpesviridaeScutavirus*XUnassignedXX*IridoviridaeRanavirus*XX*Iridovirus*X"Hemocytivirus"[\*](#tn0015){ref-type="table-fn"}X*PapillomaviridaeDyozetapapillomavirus*XUnclassifiedXX*PoxviridaeCrocodylipoxvirus*XUnclassifiedXX*Circoviridae*UnclassifiedXX*ParvoviridaeDependoparvovirus*X*Hepadnaviridae*UnassignedXX*RetroviridaeGammaretrovirus*XUnassignedXXX*ReoviridaeOrthoreovirus*XX*Bornaviridae*UnassignedX*ParamyxoviridaeFerlavirus*XX*SunviridaeSunshinevirus*X*Rhabdoviridae*UnassignedXX*Orthomyxoviridae*[\*](#tn0015){ref-type="table-fn"}*ArenaviridaeReptarenavirus*X*BunyaviridaeOrthobunyavirus*XUnassignedX*Coronaviridae*UnassignedX*PicornaviridaeTorchivirus*X"Rafivirus"XUnclassifiedX*CaliciviridaeVesivirus*X*FlaviviridaeFlavivirus*XXX*TogaviridaeAlphavirus*XXX[^3]

*Adenoviridae* {#s0010}
==============

Adenoviruses are large, nonenveloped double-stranded (ds) DNA viruses. Members of three different genera have been described in reptiles: atadenoviruses, siadenoviruses, and the proposed "testadenoviruses."[@bib6] The atadenoviruses have been hypothesized to have evolved in squamate reptiles,[@bib7] and some of the viruses found in these reptiles appear to be host species--specific. Atadenovirus infections in squamates are not always associated with disease, although they may be involved in multipathogen disease processes. There is increasing evidence that numerous squamate atadenoviruses are able to switch between various squamate hosts, with unknown clinical and epidemiologic consequences[@bib8] as well as ramifications for viral detection methods. Although atadenoviral infections in squamates are well documented, reports of adenoviral infections in chelonians are relatively rare and the genetic diversity of the detected viruses is relatively high, indicating that at least in some cases adenoviruses have recently switched to chelonians as hosts. The first report of a disease outbreak associated with adenoviral infection in chelonians was in a group of Sulawesi tortoises *(Indotestudo forsteni)* that were illegally imported into the United States.[@bib9] Affected animals developed severe multisystemic disease with clinical signs including anorexia, lethargy, mucosal ulcerations, nasal and ocular discharge, and diarrhea. The group experienced a mortality rate of 82%. An adenovirus was detected by polymerase chain reaction (PCR) as well as by electron microscopy in cells of affected tissues. The virus was determined to belong in the genus *Siadenovirus*. Siadenoviruses had previously been described in birds but are hypothesized to have evolved in amphibians.[@bib10] The same virus was later also found in impressed tortoises *(Manouria impressa)* and a Burmese star tortoise *(Geochelone platynota)* with systemic disease.[@bib11]

Other adenoviruses found in chelonians have differed genetically from previously described genera. These viruses have been described in a wide range of terrestrial and aquatic species in the United States and Europe. They have been found in both diseased and clinically healthy animals. The viruses detected in these cases have been preliminarily named "testadenoviruses," based on the hypothesis that they have coevolved in chelonians.[@bib6] In another case in a spur-thighed tortoise *(Testudo graeca)* with stomatitis and esophagitis, a virus in the genus *Atadenovirus* was detected by PCR and sequencing.[@bib12] There are therefore a multitude of different adenoviruses belonging to at least three different genera that have been discovered in chelonians within the past decade. The viruses hypothesized to have recently switched hosts into chelonian species (the siadenovirus and atadenovirus) appear to have been associated with more severe pathologies.

*Herpesviridae* {#s0015}
===============

Herpesviruses are large, enveloped dsDNA viruses that are known to cause latent infections in hosts surviving acute infection. Herpesviruses have long been described as pathogens in a wide range of reptilian hosts, especially chelonians. Detections in various orders of reptiles have increased in recent years. In many cases, virus detection is based on histologic detection of intranuclear inclusion bodies in infected cells, followed by electron microscopy and on detection of viral DNA using a panherpesviral PCR targeting a portion of the DNA-dependent DNA polymerase.[@bib13]

Crocodilian Herpesviruses {#s0020}
-------------------------

Recent studies in Australia in farmed saltwater crocodiles *(Crocodylus porosus)* have led to the description of three different crocodilian herpesviruses.[@bib14] Infections have been associated with three disease syndromes: conjunctivitis and/or pharyngitis (CP), lymphoid proliferation and nonsuppurative encephalitis (SLPE), and multifocal lymphohistiocytic infiltration of the dermis (LNS).[@bib5] CP was found primarily in hatchlings, SLPE in juveniles and growers, and LNS in harvest-sized animals. The causative nature of the herpesviruses for each disease syndrome has not been fully established, although herpesviruses were found significantly more often in diseased crocodiles than in controls.[@bib5]

Squamate Herpesviruses {#s0025}
----------------------

Herpesviruses have been described periodically in various squamate species. Genetically, little information is available on these viruses, but what is available indicates that they are diverse and not closely related to chelonian or crocodilian herpesviruses. In lizards, herpesviruses have been associated with stomatitis,[@bib15], [@bib16] papillomas,[@bib17] hepatitis, and enteritis.[@bib18] In a disease outbreak associated with a herpesvirus infection in captive adult horned vipers *(Vipera ammodytes ammodytes)* in Europe, animals developed widespread hemorrhage, coelomic and pericardial effusion, and hepatitis. All of the horned vipers in the collection died, whereas common European vipers *(Vipera berus)* housed in the same facility remained unaffected.[@bib19]

Chelonian Herpesviruses {#s0030}
-----------------------

Herpesviruses have long been described as important pathogens in various chelonian species, mostly in sea turtles, where they are considered the cause of fibropapillomatosis (see Chapter 57), as well as grey patch disease,[@bib9000] lung, eye, and trachea disease,[@bib9005] loggerhead genital-respiratory herpesvirus-associated disease, and loggerhead orocutaneous herpesvirus-associated disease,[@bib9010] and in tortoises, in which they have mostly been associated with stomatitis, rhinitis, and conjunctivitis. The chelonid fibropapillomatosis--associated herpesvirus, officially known as *Chelonid alpha herpesvirus 5*, has been placed in a separate genus, *Scutavirus*, in the subfamily *Alphaherpesvirinae*.[@bib20] All reported herpesviruses of chelonians appear to cluster in this genus.[@bib21] Recent studies on herpesviruses in a wide range of chelonian species have led to the description of numerous new virus types and have also indicated shifts in prevalence of specific viruses in some pet chelonians.

There are four known genetically distinct herpesviruses that can infect tortoises, named testudinid herpesvirus 1 through 4 (TeHV1-4). TeHV1, 2, and 3 have all been associated with severe stomatitis and glossitis as well as rhinitis, conjunctivitis, and hepatitis. TeHV4 was originally detected in a clinically healthy tortoise during quarantine screening.[@bib22] TeHV3 has been associated with higher morbidity and mortality rates than TeHV1.[@bib23] Recent studies using molecular techniques to investigate genomic differences between TeHV3 strains as well as transmission studies have provided evidence that there may also be differences in pathogenicity between different isolates.[@bib21], [@bib24] In a study in Europe almost 20 years ago in which samples from tortoises kept as pets were tested for the presence of herpesviruses, only TeHV1 and TeHV3 were detected, with TeHV3 making up greater than 80% of the detected herpesviruses.[@bib25] In a recent study screening samples from over 1000 chelonians in Europe for herpesviruses and other pathogens, approximately half of the herpesviruses detected were categorized as TeHV1, indicating that the prevalence of this virus in pet tortoises in Europe has increased over the past years, possibly due to changes in the pet trade.[@bib3] It might also reflect a change in the popularity of specific tortoise species in the pet trade. During that same study, a TeHV4 was detected for the first time in Europe in an African tortoise species, the leopard tortoise *(Stigmochelys pardalis)*.[@bib26]

Detections of herpesviruses in other families of chelonians has also increased rapidly in recent years.[@bib27], [@bib28], [@bib29], [@bib30], [@bib31], [@bib32], [@bib33] In the family Emydidae, herpesviruses have been detected in a freshwater turtle *(Pseudemys concinna concinna)*, a northern map turtle *(Graptemys geographica)*, wild bog turtles *(Glyptemys muhlenbergii)*, wood turtles *(G. insculpta)*, spotted turtles *(Clemmy guttata)*, and box turtles (*Terrapene* sp*.*). Clinical signs associated with infection in these animals have ranged from detections in clinically healthy animals to stomatitis, papillomatous skin lesions, rhinitis, and sudden death. Histology has demonstrated hepatic lipidosis, pneumonia, and both hepatocellular and splenic necrosis. Intranuclear inclusions have been found in cells in the liver, lung, and spleen.[@bib28] Infected animals have included both captive and wild turtles.

In the order Pleurodira, herpesviruses have been described in a captive Krefft\'s river turtle *(Emydura macquarii krefftii)* (family Chelidae) in Australia with ulcerative lesions of the skin and shell associated with orthokeratotic hyperkeratosis with intranuclear inclusions in keratinocytes.[@bib32] In the family Pelomedusidae, a herpesvirus was detected in West African mud turtles *(Pelusios castaneus)* that were imported into Europe from Africa and were clinically healthy.[@bib33]

*Picornaviridae* in Tortoises {#s0035}
=============================

Picorna-like viruses have been known to occur in tortoises in Europe since the mid-1990s. They were originally isolated in cell culture and, proving difficult to characterize, were sometimes called "virus x." Viruses in this category have been sequenced and shown to represent a new genus in the family *Picornaviridae*, with the name *Torchivirus*.[@bib34], [@bib9015] This group of viruses have been detected mostly in *Testudo* spp. but also in several African tortoise species. They have been associated with softening of the plastron in juvenile tortoises and with rhinitis, stomatitis, and ascites in adult tortoises. They have also been isolated from clinically healthy animals.[@bib25], [@bib35] Transmission studies with *T. hermanni* and *T. graeca* showed that the kidneys were most severely affected.[@bib36] Serologic testing has shown that some wild-caught tortoises in Europe and Africa have antibodies against these viruses. Epidemiology of these viruses in Europe appears to undergo some fluctuation over time. A recent study showed that torchiviruses were detected by PCR using mostly oral swabs as samples in 2.2% of over 1000 chelonians tested over a ![](if039-001-9780323552288.gif)-year period in a commercial laboratory in Europe.[@bib3] Another picornavirus with the suggested genus name "Rafivirus" was described from Sulawesi tortoises that were also infected with an adenovirus.[@bib37] Animals died with severe systemic disease,[@bib9] but the role of the picornavirus in the disease is not known.

*Nidovirales* {#s0040}
=============

Coronaviruses belong to the order *Nidovirales*, and viruses in this family have been among the most prominent emerging viruses in a wide variety of mammalian species in recent years, causing various respiratory disease syndromes including severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS). NGS of samples from reptiles displaying signs of respiratory disease has led to the description of viruses in the order *Nidovirales*, family *Coronaviridae*, subfamily *Torovirinae* in various python species and in boas.[@bib38], [@bib39], [@bib40], [@bib41] A new genus name, "Barnivirus", has been suggested for these viruses.[@bib38] Infections have been reported most commonly in ball pythons *(Python regius)* but also in Indian pythons *(P. molurus)*, Burmese pythons *(P. bivittatus)*, green tree pythons *(Morelia viridis)*, carpet pythons *(M. spilota)*, and boa constrictors *(Boa constrictor)*. A genetically related but distinct virus has been described in shingleback lizards ("bobtails," *Tiliqua rugosa*) in Australia.[@bib42] In ball pythons, the "Barnivirus" was associated with a proliferative interstitial pneumonia. In some cases, tracheitis, stomatitis, esophagitis, and/or rhinitis were also associated with infection. In individual cases, lesions were also observed in other parts of the body and included encephalitis, acute nephritis, salpingitis, hepatic lipidosis, keratitis, and colitis. The greatest viral load was detected in the lungs of affected snakes.[@bib38] A similar disease syndrome of unknown etiology was reported to have been observed in ball pythons since the 1990s.[@bib38]

The shingleback lizards, in which a related virus was detected, were wild caught in western Australia and found to have a disease syndrome called "bobtail flu," with clinical signs including mucopurulent discharge from the eyes and nose, lethargy, lack of appetite, pale mucous membranes, depression, and loss of body condition.[@bib42] Following detection of a barnivirus-like virus in affected animals, a real-time PCR was developed and used to detect virus in oral secretions. Virus was detected significantly more often in diseased than in healthy animals, although virus was also detected in some of the lizards that were considered healthy at the time of sampling.[@bib42]

*Arenaviridae* in Snakes {#s0045}
========================

Inclusion body disease (IBD) was originally described in the early 1980s and 1990s[@bib43] and was defined by the presence of characteristic eosinophilic to amphophilic intracytoplasmic inclusions in neurons and in epithelial cells of a wide range of tissues.[@bib44] The inclusions are made up of a specific protein known as inclusion body disease protein (IBDP).[@bib44] The disease affects various species of boas and pythons and is associated with a wide variety of clinical signs. Central nervous system (CNS) signs are most often described, but animals may develop anorexia, pneumonia, various skin lesions, mouth rot, and other problems. However, a large number of snakes (especially boa constrictors) may remain clinically healthy despite the presence of inclusions and/or virus. In 2012, NGS showed the probable cause of IBD to be newly discovered viruses in the family *Arenaviridae* in the new genus *Reptarenavirus*.[@bib45], [@bib46], [@bib47] These viruses are closely associated with the disease and can cause the development of similar inclusions in cell culture. Antibodies against reptarenaviruses isolated in cell culture bind to typical inclusions in the cells of affected animals.[@bib45], [@bib46] IBDP is believed to be accumulated viral nucleocapsid protein.[@bib45] Additional studies on snakes infected with arenaviruses have demonstrated a huge amount of genetic diversity in these viruses, with multiple species and possibly different genera detected.[@bib4], [@bib48] In many cases, snakes were infected with multiple viruses, and the two genomic segments of the reptarenaviruses, L and S, appeared to reassort readily.[@bib4] It has been hypothesized that snake importation and husbandry practices may have created this diversity among reptarenaviruses, with capture of wild snakes, importation into various countries, mixing of animals for breeding purposes, and overcrowding all being part of an "anthropogenic disruption of pathogen ecology."[@bib4] It has been hypothesized that coinfection or superinfection with multiple reptarenaviruses could play a role in disease development.[@bib48]

Other Newly Described Viruses of Reptiles {#s0050}
=========================================

There are many other examples of recently described viruses in reptiles, with new reports coming out regularly. Recent developments include a description of the new family *Sunviridae* for *Sunshinevirus* in the *Mononegavirales*. *Sunshinevirus* is associated with CNS and respiratory disease in pythons, mostly in Australia.[@bib49] Bornaviruses have also recently been detected in snakes in several cases,[@bib50] and there is some indication that infections may be associated with neurologic disease (T. Hyndman, personal communication, March 30, 2016).

[^1]: This table includes descriptions of detection of viruses by various methods as well as serologic evidence of previous infection (without proof of viremia).

[^2]: Geographic areas in which detection in reptiles has been reported. The geographic range of individual viruses may be greater.

[^3]: There is some evidence of infection with these viruses in this group of reptiles.
